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INTRODUCTION 
Since I became Chief of the NDE Branch I have been trying to get to this meeting, 
and have not until this year. It turns out that some Air Force planning activities seem 
always to overlap. It is a thrill to be here. 
I am here with a mission in mind, I have some very real problems. I have some very 
strong opinions about our community. I say our community, even though my background 
for many, many years was in composite materials development. That is where my early 
connection to NDE grew over the years. 
What I want to do is give you a clue what is happening with the Air Force because 
some big changes are taking place. The Air Force has people to fight in the Air Combat 
Command (where fighter and bombers are) and have people to transport supplies and 
equipment in the air mobility command. The Air Force material command is where new 
aero nautical systems are developed, where new space systems are developed, and other 
systems are developed. That is also where all the maintenance takes place in the Air Force, 
what we call our Air Logistic Centers. As of October 1 ,I the Air Force Research 
Laboratory, or AFRL, will have eight or ten organizations underneath it, and one of those 
will be the Materials and Manufacturing Directorate, which I will be part of. I hope the 
organization that I am part of, the Metals, Ceramics and NDE division, will retain that title. 
The reason I say that is that I fought very hard to get that organization recognized. What it 
is says in my organization, the Air Force, NDE is recognized as a full partner in materials 
and process development. That is something that has been changing over time, and I will 
talk about that a little as we go through here. 
The title of my paper is "NDE: A Full Spectrum Technology" as shown in Fig. 1. 
What that ties to is the way we develop systems-I don't care what system it is, whether it be 
an aircraft or spacecraft. If you look at the spectrum of NDE and how it might tie to that, 
we start with materials development and materials characterization. Nondestructive 
evaluation is playing a role now in the development of new materials. As an example, 
acoustic microscopy is being used to characterize metal matrix composites. A problem 
here is to understand how fiber reinforced laminates crack and subsequent oxidation takes 
place. Using the microscopy for the first time we are able to illustrate for people who are 
processing materials how oxidation takes place along the length of fibers as the result of 
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Full spectrum NDE. 
fatigue. We learned that the fatigue always occurs more rapidly at the area of oxidation. 
The importance here is not so much the results that we see, but the fact that the materials 
development community is suddenly very interested in what we are doing. 
Now let's talk very briefly about process sensing as a part of Full Spectrum NDE. 
There was a very good session here on process sensing. When we talk about process 
sensing a number of things we are doing have an impact. For example we are looking at 
high temperature transducers that could operate up to 1000 degrees C. So, for the first 
time, we are looking at measuring changes in the elastic properties during processing. In 
the composite business, the polymeric composite materials business, it is very common to 
infer properties as a function of percent of cure. So you determine what the percentage 
cure is and you infer what the elastic properties are. With this kind of capability we are 
looking for the first time at directly measuring elastic properties during processing. I might 
also comment that new materials like AFR 700, are materials that are going to desperately 
need this type of capability. At the same time some of the things we have been talking 
about, e.g., noncontact methods, such as air coupled, or laser based ultrasound, offer ways 
to integrate process systems, including, e.g., solidification rates in directionally solidified 
blades. I think the NDE community is very good at signal acquisition in a noisy 
environment. Many of the papers I have heard over the last couple of days that 
demonstrate an ability to do that, as shown in Fig. 2. That is something that generally the 
process development person has no idea how to do. 
Another important element of full spectrum NDE is in-service characterization as 
shown in Fig. 3. An example of that came up here this afternoon. What I mean by that is 
how do we provide the sensors for smart materials and structures? That has obviously 
been a hot topic before the issue that came up this afternoon. Imbedding sensors 
composites materials has always been a problem. I can tell you point blank that when you 
imbed fiber optic sensors in composites, people don't like it, because it does affect 
properties. But, perhaps, we will be able to use a reinforcing fiber, maybe of a large 
diameter, that will allow some sophisticated measurements without affecting the 
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properties. But we do need to be able to move, we have to take the lead. I have been in on 
a variety of meetings where people are trying to take the leadership in this area, and it is the 
sensor people who want to do that. I would simply suggest that the NDE community is the 
right place to do it. 
NDE Can Provide In-process 
Information 
• Sensor development 
--High temp transducer 
--Non-contact UT 
• Signal acquisition and analysis in a "noisy" 
environment 
• Handoff for processing decisions 
Fig. 2. In-process NDE. 
NDE Can Provide In-service 
Characterization 
• Sensors for "smart" materials structures 
• Data acquisition in a noisy environment 
• High cycle fatigue will most likely not be 
amenable to slow crack growth types of 
NDI 
Fig. 3. In-service NDE. 
Another example of in service characterizations is high cycle fatigue. High cycle 
fatigue is a crucial problem for the Air Force. We are looking for some all new approaches 
and that is an extremely hot topic. Aircraft have been grounded because of high cycle 
fatigue in turbine engines. I think I will steal some of my own thunder and tell you right 
now that it is not uncommon in some aircraft systems that someone crawls up the inlet 
before every flight and runs their fingernail down along the front of every blade. Or takes 
some dental floss and runs it down the front of that blade to see if there might be some 
FOD (foreign object damage) that could help exacerbate the end of life high cycle fatigue 
problem. That is how serious it is. 
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So we have talked full spectrum. Materials characterization, process sensing, and in-
service characterization. Now I would like to conclude this with a topic that I feel is 
critically important, that is, NDE as part of the engineering curriculum. 
I felt very good about the poster session that was held Tuesday afternoon, and 
discussion with Don Thompson at Iowa State who has been developing new educational 
opportunities both internally and with community colleges of the upper Mid-west. I have 
been involved with some other universities, and I am sure you all have, but the issue is how 
do we reach out and place NDE as an integral part of the engineering curriculum? What I 
mean by that is, how do you make sure that every engineer coming out of the university at 
least understands what NDE is. I will ask you a question right now, "How many people in 
the room had an NDE course in their undergraduate curriculum?" Four hands, that is a 
message. Four people in this room of scientists, professionals in this field had a course in 
NDE in their undergraduate curriculum. Now if I were to ask you about the graduate 
curriculum that story would change dramatically. But I want to ask you what people think 
when you say NDE to them. They think of this as a technology that adds cost, delays what 
they want to do, and is something they don't want to be associated with. I see a lot of nods 
around the room. OK, why is that? They are not thinking about something that can be 
integrated in the heart of what they are doing to reduce the cost of what they are doing, as 
described in Fig. 4. Don and I had a very good conversation about the work that is going 
on at Iowa State in developing an NDE minor, which is another approach. There is also the 
opportunity, I am sure some of you saw it in the poster session, for community colleges 
who would be training technicians. I have a person that I am working with at Purdue that 
NDE in the Engineering 
Curriculum 
• Need to establish NDE as an integral part 
of every engineer's training and psyche 
• Would change NDE from an also-ran, 
adding cost and time to the processd to being 
an integral part of the development process, 
leading to reduced cost 
Fig. 4. In-Engineering Curriculum 
is teaching an NDE course for the first time ever at Purdue, one of our largest engineering 
schools, and really trying very hard to work up the curriculum materials. Our community 
is not in a strong state of affairs. I am only speaking of the United States, I cannot speak 
for Europe or wherever else someone might want to teach. At the University of Cincinnati 
every engineer in their engineering program will have one course in NDE before they 
graduate. I am sure that there are other places that do that, it is not truly unique. I think 
that is an important step and I would ask that you very hard to think about this, and I would 
be willing to work with you as you struggle to do that. 
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So when I say full spectrum that is what full spectrum NDE means. 
And the bottom line says that it becomes the integral part of the development 
implementation process. So it is no longer an afterthought, resulting in high costs, but 
rather an integral part of systems development resulting in lower overall costs. Now for 
those of you that were at ASNT, this is the very same message I gave, albeit somewhat 
different, because of the professional nature this audience. I keynoted the ASNT meeting, 
saying the very same things there. I think it very much depends on us where this is all 
going to go. 
I am going to change gears on you and briefly cover what our needs are in the Air 
Force. We are doing two things, one is in-service inspection, and the other one is the full 
spectrum that we have already talked about, and that says there are some real issues here 
that we are trying to face. We interact with a series of organizations and are involved 
normally with NDE R&D and the application of that technology. The Air Force NDI 
office is responsible for field applications. For the first time we know we have basic 
research dollars that are allowing us to support some key research. DARPA has been 
instrumental in that also, but we now have some separate funds coming from the what Air 
Force calls the Third Millennium Initiative, that means 2000 and beyond. So we do have 
research funds for the first time. Also the Air Force is now putting some additional money 
into the area of transition directly to users in the field. For your perspective, the kind of 
support NDE had gotten has changed dramatically over the last three years. It is not the 
same as it was before. The other thing that is happening, is how the systems are being 
used. For instance for our trainer aircraft, a lot of things are happening in simulators. The 
first time the pilot steps into the airplane, they are doing things more severely than was 
originally intended to, causing problems such as cracking that we did not anticipate in the 
first place. 
Lets talk some more about aging systems, about hidden corrosion. This is a very 
important issue for the Air Force. Aging of systems for the first time is a major problem. 
Corrosion, crack detection, and widespread fatigue damage continue to be fleet concerns. 
Aging problems include both airframe and engine inspections. 
I just want to comment to you that in the Air Force, and I think in any organization 
you are dealing with, whether it is in France, or here, or somewhere else in the world, space 
is big business. The Air Force has in development the EEL V, an all new launch system 
and I have read the articles indicating there will be 1000 military and commercial launches 
over the next ten years. They can't even find enough boosters to put them up. We are 
going to be heavily involved in NDE with space systems. We are doing it right now in 
solid rocket motors .. We are going to do some more with liquid rocket engines and turbo 
pumps. New turbo pumps could have dynamic suspended rotors that have to have surface-
to-surface contact without bearings. As those things start up, you are talking about critical 
surface protection using multi-layer nanocoatings. You hear that term a lot where I am, 
materials business. "Nano" things are mentioned a lot, and I keep trying to tum back and 
say, "OK, after you put "nanocoatings" on, who is going to validate how many you put on, 
after it gets in service, and it has been in service for a day, week, a month, or whatever it is, 
who is going to validate how many are left?" We are. There isn't anybody else going to 
do it but this community right here. I would ask you, are you thinking about nano and/or 
very small scale measurement technologies? 
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The last area I am going to talk about is advanced materials processing. Now I have 
captured a number of things related to that, and tried to tie that together, but if you look at 
advanced materials and processes, some of the key things we are looking at in NDE are 
enabling technologies. Some of the activities we have in place in the Air Force and have 
had in place for some time include scanning acoustic microscopy and ultrafast pulsed laser 
based ultrasound. The latter is a technique to look at very, very thin coatings. We are 
doing some work now in incorporating mechanical testing in an ultrasonic acoustic 
microscope. For the first time we will look at how delamination takes place. One of the 
papers that was given here was talking about doing that very same kind of thing, in a little 
different way, but very similar. This whole advanced materials and processing area has 
received a boost from the fact that we have in place an effort that will allow us to go out 
and address some specific needs. These activities cut across the spectrum from organic 
metal matrix composites, electronic materials, structural aluminum and titanium. A lot of 
the activities here are going to relate to high cycle fatigue in titanium, trying to understand 
and characterize high cycle fatigue. With high cycle fatigue, with fatigue taking place in a 
very, very late stage of the life of the material, perhaps there are some in situ changes we 
can characterize. So advanced materials and processes playa very important part of that. 
I want to close by saying that the activities we have in nondestructive inspection play 
a crucial role. A lot of the things that I have mentioned tie to that, but the overall picture, 
the overall story for the Air Force is what I talked about before, i.e., the full spectrum. We 
are involved in every aspect of this and going to become more involved in this aspect of it. 
With that, I invite you to come up and take a copy of this. I only have 100, I hope there is 
enough. Please also take a look at the MRS bulletin, I only brought five or six along, feel 
free to take one. Please give people a chance to look at one before you take one, but they 
are up here for you to take. I would be happy to answer any questions. 
DISCUSSION 
R. B. Thompson, Iowa State University: Having worked on some of these process 
monitoring problems in the metal community, I experienced the frustrations of working 
hard and figuring out how to measure something (in this case it was the texture of metals 
during rolling) and, after a long effort in talking with people that rolled the metal and their 
saying that is really neat and we would love to do it, find that they are not quite sure that 
we are willing to change our process based on the feedback that your measurements 
provide to us. Maybe that's a problem that others haven't had, but I wonder if you have 
experienced that or have any comments on that. 
T. Cordell: In our organization, we are in extensive development of composites. We 
had some early development activities that included incorporating sensors and we made a 
mistake, frankly, and the sensors that we included affect the properties. For about the next 
year or two, three years, they didn't want to see us, because we made the problem more 
difficult for them. Now recently we have had some altered interest in the titanium area 
because when we try and understand more that might really give some information back to 
the process, that might be changing. I am not here to provide wonderful answers, I am 
presenting the problem we all have. I think continuing the kinds of things you have here, 
the session on processing is important. Someone mentioned to me that in the upcoming 
SPIE conference that is going to take place in the spring, there will be a processing 
symposium. Recently there was one held under NTIAC sponsorship, October of last year. 
So there are some places where they are trying to get some of those things out and they are 
happening. 
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C. Fortunko, NIST: The ATP program in composites is a NIST program. It is a 
targeted program, in other words, it was funded at about 30 million dollars a year in the 
area of composites. One of the conditions for winning the proposal was that people 
incorporate NDE. We found out that the people really didn't want to stick any sensors into 
the process; what they wanted to sense was pressure,temperature, volume. They were not 
interested in measuring other properties or attributes. 
Not interested, is that what you are saying? No, that was not the problem, I think. I 
think the problem was they wanted to make things right, by controlling, the temperature, 
the time presSUres, etc. But I don't know how many sensors there really are besides 
pressure, temperature, composition maybe. 
I am answering Bruce's comment. Bruce tried to introduce sensors for detecting 
texture. There are very similar problems dealing with injection molded composites, where 
you need to know the orientation of the short fibers, for example, and how they are 
distributed. People are not interested in whether these are attributes, but they are interested 
in adjusting process perimeters so these things might be realized. 
S. Rohlkin, Ohio State University: I happened to be in several manufacturing plants 
that were doing gas tanks. This is not the people that want to talk with us. This line was 
developed 15 years ago, and really automotive companies cannot put any sensors in that, so 
it needs to go to the manufacturers who design whole system. It is a really big problem for 
the NDE community that cannot be solved by the community alone. 
W. Weber, for UTECH: My experience has been in just the last few years that there 
is a large amount of interest in NDE process controls, especially ultrasonics, for monitoring 
injection molding, but the interest is not coming from the end users. The equipment 
manufacturers are the ones we have to deal with, because they are the ones that can 
incorporate the equipment into their injection molding machines. We didn't see any 
activity two years ago. That is becoming very, very hot, and so ultrasonic monitoring, eddy 
current line monitoring, etc. is at the manufacturers level, not at the end user level. 
K. Balasubramaniam, Mississippi State University: I have had some experience 
working with a steel manufacturing company and they had a plant manager there that was 
very interested in plant monitoring, because this is a multi-national company. The problem 
is I don't think our technology is so far back that we can't do all that they want me to do. 
D. Thompson, Iowa State University: I have had one concern about an omission. I 
am not quite sure how important it is, but we have a deficiency of process modeling which 
identifies parameters which you need to measure in order provide process control. 
Modeling might provide more focus to give the kind of process control needed to ward off 
anticipated failures modes. 
T. Cordell: That ties in with one of the Plenary speakers who was talking about one 
of the advances in modeling. Those kinds of capabilities are really happening. You are 
familiar with the use of topography for looking at castings after they have been 
manufactured; obviously, you also have software to simulate inspections for casting. We 
are trying very hard right now to bring all of these things together, and that is happening in 
a number of places. 
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B. Issacson, ISA: I want to make a couple of comments that I have heard from 
people in the military, especially with the regard to composites. They shared with me, and 
probably shared with you and others like you, that there does not seem to be enough design 
thinking put into these composite structures for NDI or inspection and for repair. That's 
important from our point of view, and certainly from their point of view. The other 
comment, which I am sure you are not really very happy with either, is the fact that the 
premier ALC in the Air Force, the Sacramento ALC is going to be shut down. Those are 
hard things for people to understand down the line. 
T. Cordell: Let me first just comment about the loss of the Sacramento ALC. That is 
a real loss for everybody. There are five air logistic centers in the Air Force. We should all 
be very happy here that the Cold War was won, and that there is a reduction taking place, 
because the entire service that we have is being reduced. Those are some very difficult 
losses. One of the key things for us is that we do not know which is going to happen. San 
Antonio is another organization that has a very significant capability, are we going to lose 
that, or it is going to convert? We are all learning as we go. 
So let me come back to design for inspectability. One thing I didn't mention here 
was this issue that ties into the design. For example, a key thing in looked at advance 
aircraft is an increase in interfacial structures. That means you are going to look at resin 
transfer molded woven structures, that means where you have a lower skin and maybe 
some up standing members, either spars or ribs that could be woven and directly infused 
with resin, now you have a structure that you cannot easily disassemble for inspection. So 
I am saying that we need to be able to develop robotic devices that can literally thread their 
way in the part and do some type of inspection. It has to have access and that is the 
problem. Today we are not seeing that. In many cases it is not until after structural testing 
is completed that they start to identify what the inspection plan is going to be, so you put it 
through the fatigue test and you see where the hot spots are. That is because we are not 
involved early in the design 
C. Fortunko NIST: I fully agree with you about need for little gadgets that go in and 
apply microprobes. I think: there is a whole family of devices that may be used to measure 
local stiffness, conductivity, etc., etc. The problem is integration, you know most of the 
companies that supply those tools for the aerospace industry are really small companies, 
they don't have the capital to invest. It is the chicken and the egg problem. 
T. Cordell: No, it is not the chicken and the egg problem, I have put money into it. I 
have a program to look at remote inspections. At least from an Air Force perspective I am 
going to devote funds to supporting that. 
C. Fortunko: It is a question of how this money is spread around and where it is, 
some of it is going to the universities, and they are great, they are training grounds for 
students and they do very important work, but I think we should be putting more funding 
into the technology. Why does the Air Force call, it the Manned Technology Programs? 
T. Cordell: We are starting a new effort that is tied to NDE, and I am not sure I can 
tell you exactly where that is going. We are soliciting ideas. In fact if you have some ideas 
concerning what I have talked about here, I would welcome those. Let me just tell you 
before we wrap up. If you have some ideas, a white paper, not a proposal, but a white 
paper that would capture some of the things on corrosion detection quantification, small 
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crack detection, MENDS for remote inspection processing, those are things I can say the 
Air Force would be interested in. . 
What about this issue about universities, and where we should go with the 
curriculum? I know it is late, any comments on that from the non university community? 
Anybody have any strong feelings about that? Anybody else work with their local 
universities, and have many different experiences with that? 
v. Kinra, Texas AM: We are in Texas and I am sure nationwide there is a lot of 
pressure to reduce the number of hours for our degrees, and it can be very difficult to add a 
new course, much as it is desired. 
T. Cordell: I agree with that, I fully understand that. I can stand up here and naively 
say things because I am not involved in that very difficult environment. We have had some 
discussions about what has happened for degree and the number of hours that have been 
shrinking over the years. I, by the way, no longer say ABET. There was some point when 
I keynoted the ASNT, I talked about ABET. I don't believe that is the way to go at this 
point. I would rather see it come up from the community. I see Don smiling over here, 
that must have been a right thing to say. 
Don Thompson ISU: I might make one comment regarding my perception of what 
does influence the universities to make some decisions. That is, if there are jobs in a given 
field and the Dean learns about it, that helps. It also helps if industrial people say we want 
to hire an NDE person. 
W. Rummel, D&W Enterprises: With respect to the education issue, I think that at 
this point we are in pretty good shape in terms of the science capabilities of people we are 
turning out. I am very proud of that. A lot of the creditability goes to this community and 
the kind of progress we have made in these meetings. We have a fairly firm program in 
place to help technicians. We have a void in what I call the engineering, the people who 
can do that wide spectrum and bring those parts together and integrate them. We have not 
registered the need in the past, and the available people are few and the demand is not there 
because we haven't developed it. Anything we can do to focus what that is all about and 
consolidate I think will help the whole community. 
T. Cordell: I would simply respond and say I hope you thought this message had 
value, and it helps focus some things you are trying to put together. We really need 
something that portrays a community with a vision to the industrial people who are going 
to make these job description decisions. 
D. Thompson, Iowa State University: To add just one more thought. In our 
experience at Iowa State, one of the most effective things we have done in recent years is to 
provide contact for students with industrial sponsors at the Center. That has done a great 
deal to motivate students to want to get into the business. We have a great consortium of 
industrial contacts that come to our place two times a year at least. Industry contacts have 
been, by and large, very influential in setting student goals. 
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